SUBSTITUTE SPECIFICATION - MARKED 

NON- VOLATILE SEMICONDUCTOR LATCH USING HOT-ELECTRON INJECTION 

DEVICES 

CROSS REFERENCE TO RELATED APPLICATIONS 

This appltcation is a U.S. National Stage Application of International Applicatio n 
No, FCT/EP2004/14104. filed December 10, 2004. which claims the he nefit of European 
Patent An nlication No. EP 03028758.5. filed o n Decemher 12. 2003. the disclosu re Of WhiCh 
is herein incorporated hv reference in its entirety. PCT/RP20Q4/14104 designated the 
United States and was published in English. 

Introduction 

FIELD OF THE DISCLOSURE 

This invention concerns semiconductor latches capable of memorizing the programmed 
Information even after their power supply has been removed. The invention wa amav be applied 

to a 0.6|i,m BiCMOS EPROM process but it is applicable in any other process having hot 
electron injection devices like EPROM, Flash EEPROM, etc. 

B aekggound 

ff A<;iiirTKmMP W im PTSCLOSURE 

Several types of non-volatile semiconductor latches are known in the prior art. They use 
different kind of non- volatile memory elements like fuses, MNOS transistors, EPROM 
transistors, standard EEPROM transistors, Flash EEPROM transistors, etc. Normally the 
transistor memory elements need a programming voltage relatively higher than the normal power 
supply. For many technological processes this means that almost all transistors in the non- 
volatile latch have to be made by high-voltage (HV) transistors instead of normal low-voltage 
(LV) transistors. As a result, the non-volatile latch area, a critical parameter, may increase a lot 
in size. 

Additional problem exiatia p rQ^l^msjexIst in the non- volatile latches using hot- 
electron injection devices like EPROM and Flash EEPROM transistors. Normally they need a 
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large current for programming, for example 0.5 to LOmA/bit, in contrast to the standard 
EEPROM transistors using Fowler-Nordheim tunnel injection which takes, for example about 
lOpA/bit. So, a disposal of hot-electron injection devices in a non- volatile latch, for example in 
the way described in GB-A 2 054 303 (!!Hughes MiGroGloctronico! !), will require a large 
programming current flowing though the data line, respectively very large transistors along the 
drain programming path of the hot-electron injection devices. This will cause an additional 
increase of the non- volatile latch area and the area of its periphery, 

Tn Hi^fif^f^Sf th e WHOI.E non-volatile element. IGFRT 03. is included in the 
complementary driver f03. 05 - Fig. 1) or in the complementarv load fOl. 03 - Fig. 5). 
The samejipplies for the IGFET Q4 in the other branch. Tn the embodiments the non- 
volatile element fcelH is split in two parts - a read transistor and a program transistor. 
Only the r ead transistor T5 is included in the complementarv driver f Tl. T5 - Fis. 1^. Tim 
same applies for T6 in the other branch. The other nart of the non-V9|^^||^ ^|^ment (^ell> 
the emhodiments. the program transistor T7. is not included in the complementarv driver 
(compare to GB 2 054 303. there CLAIMS, lines 46 to 49). The same applie.s for T8 in the 
other hranch. 

Tn Hughes th e input data foLmUiramniilii? the non-volatile (NV) latch are pro ikkd 
through a WRITE tra nsistor 09 fand 01 1 in F i ^. 3 and 4) a nd applied to the respective 
nodes X fand Y in Fig. 3 and 4). In the embodiments the input data for programming of the 
NV l^^ch are applied o n the drain of the program transistors T7 and T8. therefore the 
Input data are decoup led from tlie respective output nodes O and Ol (auer\ 

In Hughes the NV-latch Is programme d hv applying a high voltage (HV) on the 
control ^ate of the transistors Q3 or Q4 i See Fi jjJLaiid 5 ). i.e. on the respective nodes ]UiL 
Y. (See also rows 56 to 61 of the patent background.) It means that all transistors fexcent 
QIO and Q12) of this latch mav be put under HV dur ing programming. In the 
embodiments the NV latch is programmed hv applying HV only on the node 19 (see Fig.1 
and 3). Therefore the HV is decoupled from the respective output nodes O and Ol and only 
the gates of the program transistors T7 and T8 are put under HV during programming. 

In Hu ghes the NV-latch needs buffers f07. 08) and/or READ transistors fOIO. 012) 
between the respective nodes X and Y from one side and the DATA line from other side. 
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(See also rows 53 to 56 of the claims). In the embodiments the NV latch nodes O and Ol can 
be used directly as respective NV latch oatpuis. 

¥jfe&& e The above-listed problems are solved by g&-A U.S. Patent No. 5,428,571 4to Atsumi 
et al.-)-r- ("Atsumi" ). which discloses splitting the hot-electron injection device into two parts: A 
reading transistor and a writing transistor with a common floating gate. But a limitation of this 
design solution is the use of depletion transistors that are not available in each process. Another 
limitation of this approach is that the threshold voltage of the depletion-type reading transistor 
has to be increased to positive values for avoidinc rt o avoid a static current in the non- 
volatile latch. This leads to strong requirements to the latch programming and decreases the data 
retention time of the latch. 

In Atsumi the reading transistor (T4. alt Figures) Is depletion tvoe tsee also claims 1 
and tZ) whereas the writing transistor (T3. all Figures) is enhancement tvoe. In the 
embfl^im efft^ both the read transistor fXSiJMPjauiiijyh^^ 
enhancement tvne. 

In Atsumi the NV latch needs additional protection means like the depletion 

traasistor 12 (see also claims 1 and 12). In the embodiments the NV latch docs not need 
such protection means. There is no depletion transistor at all in the proposed NV latch- 
In 4tsumi. the reading and the writing transistors have sot a common control gate 
connected to VdpA^ss fFig. I. 2. 4 and 5). Only in Fig. 3 a variant with two control gates is 
shown but the control gate of the reading transistor T4 is connected to ground fVss). In the 
embodim^ nte the nom-volatile cell fT5. T7) has got two separate control gates. The control 
gate of th^? read transistor T5 is connected to the respective output node Q[. The same for 
the other memory cell rT6. T8). 

AXompariso n between the inventiv e embodiments and U.S. Pat No. 4399,522Jq 
^9^^9!^^ ("Kotecha") is as follows. In Kotecha. the non-volatile element 12 (¥m. 1 ) u.sed in 
the RAM cell is ONE transistor with common drain 34. common source 36. common 
floating ga te 24 and two control gates (30 and 46). The same applies for the other non- 
volatile ele ment 14. Also in the inventive embodiments **a said transistor (l.e. o ne 
transistor) haviuiz first and second control t^ates. a floating gate"'. Iti the embodiments the 
non-volatile element (cell) used in the NV latch consists in fact of TWO transistors (T5 and 
T7) with only common the floating gate 13. In could he s^n in all Figures that the drain 
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(C}\ the so urce f21) and the control gate ri5) of T5 are different from the drain fD>. the 
source Tground) and the control gate n7> of T7. The same for the non-volatile element (cell) 
used in the other bran ch - it also consists of TWO separ ate transis tors T(i» and T8 with only 
common the floating gate 14. 



S ummar y 

numcTS OF the msn osTTRE 

An object of the invention is to provide a non-volatile latch using hot-electron injection 
devices. The high voltage for programming hao to mav be applied on a largely reduced 
number of elements for decreasing the total latch area. 

Another object of the invention is to provide a reliable work and no static current even at 
a weak programming of the hot-electron injection devices. 

A further object of the invention is the use of enhancement transistors only, so that it is 
applicable to any non-volatile process. 

SITMMARY OF THE INVENTION 

For achieving the above objects, a bi-stable non-volatile semiconductor latch is proposed 
(claim 1 ) ■ It hao got J Q ie hi-stahle mum-VOlatile semiconductor latch mav have a 
pair of cross-coupled branches, each branch inoludina m av include a complementary driver 
and a load connected between a drain line and a source line and also mm lll£hlik. a non-volatile 
memory cell having a program transistor and a read transistor. Each driver includoa mai. 
Include a read transistor. The driver and the load of a branch a ^may b^ connected in series at 
a respective output node. The read transistor and the program transistor in a branch mav h ave 
get- a common floating gate and separate control gates. The control gate of the program 
transistor jr &mav be connected to a program voltage and its drain 4: am^y be connected to a 
respective input node. The control gate of the read transistor in a branch jr smav be connected to 
the output node of the other branch. 
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TCmbnrii mnnt-n KYfi^piarv embodiments enhance the invention' o 
understanding ! Introduction to^ the DirawinaaFiCTinvention . 

RRTKF DESCRIPTIO N f)F THF. DRAWTNGS 

Figure 1 represents a schematics circuit of an embodiment of the invention. 
ja4 ^ Figure 2 shows a layout example of a read transistor and a program transistor with 
common floating gate in O.e^m one-poly-level BiCMOS EPROM process. 
¥4rBh r Figure 3 represents a further embodiment of the invention. 



Dotalled Deacription of embodiments 

nETATT.Kn DESCRIPTI f)N OF THE DISCLOSURE 

The fo llowing descrintion is intended to convey a thorough understanding of the 
embodiments descrihed hv nroviding a number of soecific embodiments and details 
involving no n-volatile semiconductor latche-s which use hot-electron iniection (^evices. It 
should be appreciated^ however, that the p res i^'nt iny^ntij? " [a not limited to these specific 
emhot^ ipiepts and details, which are exemplary onlv. It is further understood that one 
possessing ordinary sici ll in the art, in light of known sytfl^^s and methods, wo^^d 
appreciate the use of the i nvention for its intended purposes and benefits in anv number of 
alternative e mbodiment^, depending on specific ^^esi^n and other needs. 
^shf^-f A v ' at An exemplary embodiment of the invention is shown in Figure 1. The non- 
volatile latch Gonoioto of mav include two branches, I and II. Branch I baamav have 
transistors Tl, T3, T5 and T7. Branch II fea ^mav have transistors T2, T4, T6 and T8. 
Transistors Tl and T2 a ^mav he LV NMOS transistors. Transistors T3 and T4 ^H^mav be 
LV PMOS transistors and mav represent the load of the respective branch. The source of 
transistors T3 and T4 ^- amav he connected to a drain line 1 1 which can be the common power 
supply line. The drain of transistor T3 jr emaiJlfi connected to an output Q and the drain of 
transistor T4 isfflg^M connected to an inverted output. 
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The read transistor T5 and the program transistor T7 aje emav be parts of a non-volatile 
memory cell with a common floating gate 13. The read transistor T5 jb amav be connected in 
series with transistor Tl between the output Q and a source line 12. Transistors Tl and T5 
represent the driver of branch I. 

The read transistor T6 and the program transistor T8 aj? eda3Ltt& parts of another non- 
volatile memory cell with a common floating gate 14. The read transistor T6 -ar einav be 
connected in series with transistor T2 between the inverted output and the source line 12. 
Transistors T2 and T6 represent the driver of branch 11. 

The control gate 15 of the read transistor T5 and the gates of transistors Tl and T3 
a ^may he connected to the inverted output. The control gate 1 6 of the read transistor T6 and 
the gates of transistors T2 and T4 a*em^^ connected to the output Q. These two cross- 
coupled connections make the non-volatile latch bi-stable. 

The source line 12 can be connected to the common ground line in static mode but it 
^nnav he disconnected (made floating) in program mode. 

The drain of the program transistor T7 jr& mav be connected to a data input D. The drain 
of the program transistor T8 4r &mav be connected to an inverted data input. Both data inputs D 
and age mav be set to ground in static mode. In program mode one of them 4: amav be raised 
to a middle range voltage, for example 7.5V for a 0.6|im BiCMOS EPROM process, enough to 
generate hot electrons at the respective drain. 

The source of the program transistors 17 and T8 ^niay b? connected to ground and 
their respective control gates 17 and 18 aaee^yg^ connected to a program voltage input 19. 
The program voltage jr &mav he set to the common power supply voltage in static mode, for 
example 5V. In program mode it iemg^Jbi raised to a higher value, for example 12.5V for the 
0.6|Lim BiCMOS EPROM process, so that this voltage is enough to inject hot electrons into the 
respective floating gate. 

It io obvioua that In some embodi m ents, the high programming voltage is applied 
only on the control gates 17 and 18 of the program transistors T7 and T8. So, all other 
transistors in the present non-volatile latch, including the input driving circuitry not shown in 
Fig.l, can be standard LV MOS transistors with minimal dimensions for a layout area decrease. 
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Also the program voltage input can be common for a plurality of such non- volatile 
latches, so that HV MOS transistors can be placed only in a reduced HV switching peripheral 
circuitry. In this way an additional decrease of the total layout area can be achieved. 

The programming of the non- volatile latch can be done by applying simultaneously 
applying pulses on the program voltage input 1 9 and a selected data input, for example D. At 
these conditions^ the floating gate 13 traps charges by hot electron injection. The threshold 
voltage of the read transistor T5 inGrGaaoa mav increase in respect to that of the read 
transistor T6. 

h s In some embodiments, as both branches of the non- volatile latch are made synmietrical 
even a small difference between the threshold voltages of the read transistors T5 and T6 will be 
enough to turn the non-volatile latch in the correct programmed state after each subsequent 

turning off and on of the power supply. It io obvious for tke ekillcd A person 

having ordinary skill in the ar t would recognize that the load at the outputs Q and has to be 
equal for a full symmetry. 

In case of a weak programming the voltage on the floating gates 13 and 14 can be higher 
than the threshold voltages of the read transistors T5 and T6 during power on. Then the 
enhancement NMOS transistors Tl and T2 included in the drivers of the bi-stable latch mav 
provide a zero current consumption in static mode. 

Figure 2 represents the layout view of the memory cell including the read transistor T5 
and the program transistor T7 in 0.6}im one-poly-level BiCMOS EPROM process. The floating 
gate 13 -ar &mav be made by polysilicon. The other process layers shown in Fig. 2 are: active area 
43, collector implant (buried n+ layer) 41, and contact hole layer 44. The transistor terminals are 
named in the same way like in Fig. 1. 

Ad it can be aeon in Fia. 2 In some embodiments, as is shown in Figure 2. the 
coupling ratio of the program transistor T7 is done bigger than that of the read transistor T5. 
This j^ gmav be needed for improving the hot-electron injection efficiency since the control gate 
15 jr &may be held at a lower voltage than the control gate 17 in program mode. 

A p erson ha ving ordinary skill inltLE- lt is obvious for the skilled in the art that the 
memory cell shown in Fig. 2 can be done in many other different ways depending on the used 
non-volatile process. For example, a stacked polysilicon gate can be used for manufacturing 
(second polysilicon layer for the control gates). 
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Figure 3 shows a more detailed exemplary e mbodiment of the invention. The drain line 
4r & may be substituted by the common power supply line. The source line 12 is connected to 
ground through the NMOS transistor T9 in static mode (= ' 1') whereas in program mode 
transistor T9 is turned off (= '0') and the source line 12 is floating. The PMOS transistors Tl 1 
and T12 a ^mav be off in static mode bit in program mode they pull up the outputs Q and to 
the common power supply. In this way the non-volatile latc hjnaj^ easily turna t urn in the 
correct programmed state after the programming pulse end. 

Ail transistors in Fig. 3, including the input driving circuitry not shown in the picture, 
a^e emav be enhancement type transistors, so the implementation of the invention is easy in other 
non- volatile processes. 

Prior Art revi e w. 

In CB A 2 054 303 — (ooo initial aoation) — the ■ ■■ WHOLB een-vel-a-fei-le 

clcmcnt ' j — IGFET ' Q3 , — iS ' included in the GomplGmcntary driver 

■ (Q3v Q 5 F - ig-: — 3r) — eog in tehe- complementary load (Ql, — @3 Fig. 

& ■ ) ■■■ . ■ il'he ' game applieo-fog ' the ];gPB¥ ' Q4 in the-efeher- branch. — 

the ombodimenta the non volatile clomont — (cell) — io oplit in 

two part a a read transistor and a program tranaiator. — Only 

the read transistor T5 is included in the aomplemontary 

driver — (rBi-, — T5 Fig . — 3rH — The same appliea for T 6 in the 

other branch. — The other part of the non volatile clement 
(cell) — in the embodiments, — the program tranaiator T7, — io not 
included in the complementary driver — (compare to GB 2 05 4 

3-Q3-y--feh - erc CLAIMS , — 1 - i - Etee 4-6- fee — 4 -9- )-.— T - he e-ame - appli ^ e ' S -for T8 

in the other branch. 

- fe same GB A 2 05 4 303 the input data for programming tshe nen- 

volafe ' ilG — — latch arc provided through a WRITS tranoiofeer 

Q9 — (-and Ql-l — in Fig. — 3 and 4 ) — and applied to the- reapoGtive 

nedeg X — (and Y in Fig. — 3 and 4) . — In the embodiments th e inpii fe 

data for programming of the NV latch are applied en- "the- - d-i f a4 - n 
of the program transistors T7 and T8, — therefore the input 
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data aFe-deeeupl ' ed -f rom tho roopGctivc output nodeo Q and Q | 
(quor) . 

In same QB A 2 "05 4 3 03 ' tho ■ NV ' latch Is "programmed by applying a 
high voltago — {fPf^ — on tho control gate of the transiatorig Q3 
or Q 4 — (Sgo Fig. — 1 and 5) , — i.e. — on tho rcspcGtivc nodca X or 
¥-: — ( ■■S ee aloo rowa 5 6 to 6 1 of the patent background.) — it 

means fehafc all tranoiotoro — (except QIO and Q12) — of thio latch 

may be . put .. Hj] ad e a?-^4 W — I ^ n the ^ ■ embodime ^ n ^ fe ^ e 

the NV lafe ^ eh i- e pgegg -ai iMR ^ ed ^^^- fey -T ^ ^ enly ^ ■■ © ■ n ... fehe- -i a e d<3 i-9 

(ace Fi a ^ nd--3- ) — - ^ifae -agegeg e -H s ^^ ke -^^^J jV ■ ^ ■■ b de ^ eeu ^ pl ■ ed ^^'-#j ° et ft --fefe e 

respect ive eufepu ^ fe - - nede ^ s - @ -Q«d— Q -j — £H=wi- - efi - l - y fe-he -garl s r e g ■■ ef ■ the 

p rogr am t r ana i a tor a - T? an ^ d ^ - ^^- T 8--a- 3 f e --p^±fe-^aa:de a^ ^{^ ■■■■■- dtt ^ E -ii ag 

programming . 

In oamc GD A 2 054 303 the NV latch nccda buff era (Q7, QS) 

and ; /&3 ? - ^ READ t r ano i o t o r o — (QIC , — Q12) — between the rcopcctivc 
aedeo ^ X and Y from one aide and tho DATA line from other 
aide . — (See also rowa 53 to 56 of thc claima). — In the 

cmbodime ^ »ti g'- fe -h e -- ljV ^ latch -fi . ede ^ a- ^ <S and ^^^^ Q ^^ j — ean be ^^^^ uaed di -a feg - fe 'l-y 

aa ... re - B ^ p<3efe ^ i ' ve ifV- ■ latch output a . 

A-Gempariaon between the invontivo cmbodimonta and US - A 

4„,„3 , 99j522 ia ; There tho non volatile clement 12 — (Fig. — 1-) — uacd 

in the RAM eel ^ l ^^^ io ^ ■ ONE tranoiotor with common drain 34, 

eeromen aource 3 6 , — common floating gate 24 and two control 

gates — (30 ■■■ and ^^^4^ 6 ^ ) ^^^ : The aame af)p - Meo for the othe - r ^- Hon 

vol at i . le .^ -e ^ l :^ eme ftfe-~14-; — Al - s ^ e-- - i ^ a - fehe- ^- invent ^ ive embod ^ imenfeg — "■* 

oaid tranaiator — ( ■■ ^ ■ ^ ■ e ^^ : — one--fera ^ n& ^3r^ & ^ fee3f-) — hav ^ i ^ ng f4 ^ ga ^ t a Hd — ee e ee d 

control gates, — a f loat ing ^ gate^^ - : — ^a-- fe j ^ ; e - -efffeedi ' fft e^ 

volatile olomont — (cell) — uaed ■ in the - WV- . l . a . t!; ^ eh- -eeft&^3r&^ te. - e in fact 

oi TWO tranaiators — (T5 and T7} with only ^ common ^^ the ■ floating 

gate 13 . — In could bo seen in all Figurea ^^ thafe ■ fe ^ he drain — (Q) , 

the source — fSi-) — and ^^^^ fehe een ^ te ^ re ^ l--ga ' fe - e — (4*^ — ej-j;F5---ar^ 3e&" - d ^^ i# ^ £ ^ 6re ^ nfe 

f r om t-he drain — — the aource — (ground) — and the control gate 

■ ■ ( ■■■■ ^ ■■ ^ ■■ ) — of T7. The oamc for tho non volatile clement — (coll) — used 
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in the other branch it aloo conaioto of TWO ocparato 

tranoiotora TG and T O with only common the floating gate Id. 

In US A 5,12 8 ,571 the reading tranoiotor (Td, all Figurca) io 

depletion type (ace aloo olaimo 1 and— 1-2) whcrcao the writing 

tranoiotor (T3, all Figurco) io cnhanccmGnt t^'pc. In the 
cmbodimcnta both the read tranaiotor (TP, T(5) and the program 
tranoiotor — (- T? , T 8 ) — a - re- onhancemcnt typo. 

In game UG A 5,120,571 the NV latch nccda additional protection 
mcana like the depletion tranoiotor T2 (aco aloo claimo 1 and 
12) . In the cmbodimento the ITV latch doeo not need ouoh 

protection mcano. ' "There io no depletion tranoiotor at all in 

the propoaed NV latch. 

In oamc US A 5,12 0 ,571 the reading and the writing tranoiotoro 
have got a commen control gate connected to -¥pp/Voo — (-Fig . 1 , 
3-; — ft and 5) . Only in Fig. 3 a variant with two control gateo 
io ohown but the aontrol gate of the reading tranoiotor Tl io 
connected to ground (Voo) . In the cmbodimento the non 
volatile cell (T5, T7) hao got two ocparato control gateo. 
The control gate of the read tranoiotor T5 io connected to 
the rcapcotivc output node Q|. The oamc for the other memory 
cell (TC, TS) . 

AccorHinfflv. the em hnriimente of the nrftsent inventions ar«> ffof tn he limited in 
scone hv the specific emho riimonts described herein. Fnrther. although some of the 
embodiment s of the present invention h ave heen descnhed herein in the context of a 
particular implementatio n in -a particular environment for a particnlar purpose, those of 
ordinarv skill in the art sh nnld recognize that its usefulness is not limited thereto and that 
the emhodimentjs of the pre sent inventions can he heneficiallv implemented in anv number 
of environme nts for anv number of nurnoses. Accordingly, the claims set forth hetow 
should he construed in view of the full breadth and spirit of the epihodimenfji of the Present 
inventions as disclosed herein. While the forep foing descrintion includes manv details and 
specificities, it is to he understood that these have heen included for purposes of 
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explanation only, and arc not to he internreted as limitations of the inven^ic^p. Many 
modifications to the emb odiments descrihed above can he made without departing from the 

spirit and ^wm Of the invention. 
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Abstract 

The invention con rerns semiconductor latches canable of memorising anv 
prof rrammed i nformation evon after nower simnlv has been removed. TJsed iS a 0,^ m 
BiCMOS EPBOM process ho t It is annlicable in anv other nrocess having hot electron 
In fection de^k■o<i like EPROM . Flash EEPROM. SnPPestcd is a hi-stahle latch circuit 
having a nair of cross-coup leH branches a.TTV each branch including a complementary 
driver and a load connected betwepn a drain l ine and a sonrce line and a non-volatile 
memorv cell h aving a nrogram transistor and a read transistor, at least one of said drivers 
and loads in clndin ^r said rt-A<] transistor, said drivp and load of said branch connected in 
series at a rcsnectlve outpu t node, said read transistor and nrograt|r^ transistor having a 
common floatinp gate and senarate con trol ^rAij.K^ KAiti control gate of said program 
transistor con nected to a nrof;ram voltage. t|ie drain of said program transistor connected 
to a respective innut nod e, said control ^ate of said read transistor in said branch 
connected to said output n ode of the other branch aT>. 
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